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<54) [ffi»«!>«||i] GaNJftN^^3RBf£»?- 



(57) mm] 

G a N^^MA±lCG a N^i^ODfi^ h d Sr^^fiK 

G a N^^B fefiK^RS-BrTG a N^®S^ K^V h«l 

5g3 5:«Efi&U dnfe^S^lC-S^sau^^i: LTG a N^ps^li 

ffiMB ©>'1> K=¥^ •^^> S^- K^y K^^ «y 

(tfeS) pS:. 0. 5 nm^h^S 0 nm, 0. 5n 
m^w^ZOOnm, 1 0^ om~2gp g 1 Ol3cin~2 




e 



1 IkAXfi 



1 

(A) ^JP¥ Hgftr^' .T9KB?.^ixfeG a N^M 
ltfiai±tC^SL';&'G a Na^*mjb^P)«iSil^^ (B) 

(A) is^rmm (B) ©^^^■^^©^'ti/K 

h®Tm€:<6wi:U (A) ®±®lCfeltSfi^ 

K^ybCD4m©S^VN5:?S;Spi:bT, 0. Snm^h 
gSOnm, 0. 5nmSw^2 OOnm. 106 cm 
-2gp ^ 1 Ol3cm-2, T'«>Sr.fcS:mi:-rSG aN 

[M*«2] .mm (A) tiig^ (B) ii*^, ^v^ 

(CM5&S^^T'S>S»#^l|B®®GaN^?^i|i»<*|6 20 
fcG a N55^*m*^&«l-5%®T-&«»lt#3Slie^G a 

\f^jhW^tiiTf. m^ (A) jCffiV^&tlSGaN* 

*4i:*^Tga (i) cD*&^4g^S:?ifetB§#lcfey, ^ 
^ (A) 0®±ffi(Z)*B>!m*<r>f^i?— •7Ti^;J'>' 
hlcj:oTg«tS-&e>*vfcc:.i:lc<toT, K5/h*m*^ 30 
Jig^ (A) ®M±®lc*^K^y hi:bT^:^Lfe%® 

(i) m^ (A) _hffi0^ffi^^&^^fcS-te5J:e)5& 
^«MS:J6i-rii«:<»§fiii (A) ±MJcK'yhW 

(A) (om±mKmkKmmM i^n^ j; e) ^ k ^y 
tit*«5] mm (A) , s^K-y h, mm 

(B) <;De)t>01J^iLh(^=fo©*^, B, As, PA^6>S« 
tl-5 1 Rj;©5t^?:-^;t-r-2).G a N^*m;<)>e);&5 1)© 40 

T'fesM^ 1 IB®® G a n^^^mi^mMi-o 

[000 1] 

A(c^ss45'(Z)«3t7!)^, G a N^^mmmK^^m^ 

K^y K«3iT'feS=fo®tCBat--5. 
[0002] 
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2 

^f>r*-K (LED) *^|eK$tlfeCD$:«|^lC?9f^*^ 

[0003] G a N^f§)t^®«;*^-r't>, 

^XS=ba)i:bT, (mm) iClnGaN©*^ 

#^^$:^V%fc=fe;®A^fe-5.„ I nGaN5:fflVNT*-?^t 

K 'y h IzWc.'&M InGaN (DA^Pi-PM & 

BPte*^, g®j^«^:)^i^<D»«;e>"r3?>j7te54::&t«oic^v> 

(Dg!^t^5g^3!)^)|H^'S il-i-fctlT y, I n G a 

[0004] InGa N4^#FM*«)*^- K^y h 
epfiridu InGaN gi!f:«)'t4SlC J:oTM*lC#^E-tS 
t;(3DT'*>So fife*. GaAs^ii^CD^^T'l*, K^y 

^T, ^^cDS®J;lc:ntii:*&-7^f^®a*?^G 
a N5i^iN»#5:»^ K»y h >L bT^S@l/tlCfifc;gS-a^S 
:ii:*'«W&;t)>i:jfco;fe (Appl.Phys. Lett, 69(1996)4098 
) . :iODS^K^y SfrlSinG 

a NJ«>, G a A s J!5slC*}tt-&*^- K^y h©J^^ill*^< 
[0 0 0 5] 

[|§W7b^<»9!ibJ:e)il-rS^] ilEOJcolC, GaN 
*^i:3a;oTV^S. b*>U iOi^-K'y hSrMv^TGa 

WAWSeim ^fi'iz lis tiT V V ^o 
[0 0 0 6] ^^<DUm\t. ±fBKlllS:ft?9iU G a 

J: U G a N^S^slSJt^&Jie^'tS 3. 21 ICfeS. 

[0007] 

[f|Sa«:»*t-Sfc«)0#a] :*:IS^®G a N3fti|^# 

( 1 ) K'y VW^^mt\^%^n^^ LXm-t^ G 
ai^^imi^n^^x^^x. ttJiaft^K^y h^jg 
li, GaN^^^1*i8^*^e)^tsi|!g||® (a) ts i®M±® 

JC^mUTf^^SnfeG a N3^W*^e>4«S*^ K>y h 

i:, ^(Z)*d=-K^y ^$:^I«?)ii^T't^Jia)f±^c^«bfcG 

aNmifW^^J^^mm (B) 2i5::t-r^^ag-efe 

y> SigSJi (A) iB^zmm (B) ®*ma)=&>*o>'< 
> 'y Jl^ K^y h<Dtim>^^> K='f -v ^y ^J: 



3 

^CDft^K'V h(D-5ji*?:i|iIwi:U (A) (0±® 

0. 5 nm^h^S 0 nm, 0. 5nm^w^200n 
m, 106 cm-2^p^l Ol3cm-2, i: Sriit 

[0 0 0 8] (2) (A) mm (b) ii;^)^. 

aiHCM'&S'^Si!T'fe-2>±iB (1) l^®GaN^i|i 

10 0 0 9] (3) S^K'vb*^, ^3a6t)S:K-tf>^^ 
$nfeGaN5^^*m*^e)^S%©T'fe'5J:ia (1) 1^ 

[0010] (4) J|^K>v^^Cffiv^e>*^SGaN**^• 
)|s^?:F^y hW4t<ktJf. (A) ^CfflV^6>t^■SGa 

:^*mi:*^Tis (i) a}^^m^mtztmmiz& 

(A) ®M±®®^®H^*^T>^-9— 7r 

^m*^^ (A) ®M±®tc4^F'y hi:bTfiK:SL/ 20 
fe=b<DT'&S_hiB ( 1 ) . I^©G a N^i|i#flt|§3t^ 
^. 

(i) asm (A) ±®CD^®^«:^'fb$-^-£>i:e)«: 
^®«ia&li-r^i;^<»S^ (A) ±®ic F^y 

(A) <Dm±mizim\zmm.^i^n^^t>tji\f''yhm 
[0 0 11] (5) mm (A) . s^F^y K mm 

(B) (Z)e)t)0!)l£Ui®*;©*^, B, As, P^^^j^li 
4xS 1 RiiODTt^Sr-^^-tSG a NSitm^^ej'&St® 30 
T'«)S±IB (1) f^OGaN*i|s#flK5g3l^?-, 

[0 0 12] 

li^m: *ig^<3DG a N9^^3mm^^wfflv^e>4^■2>^:■7• f 

Its (A) J ) ±tC, GaN**m?:S-7-F^y 

hi:L/Tfi£^$-a:fe=b©T*fe-S. fe;fe'U ±fB (4) (D 
iifeU, i^F«y ^^cfflv^6>^^SGaN^*M&F>y h 
*mi:J:0^^ (A) ^cfflv^e>^^SGaNaW^S: 

^-y^*mi:<fc'5*i:t. F^y h*ma^-7.*mi:l*. 
Jiia (i) ross^icfes. apt.s (A) (0^®^ 40 

;^S^lCT, F^y htmS:*tllM (A) ±lc^:SS-&fc 
izmm (A) ±$:^ffiSV^5^^i:bTfi^:^■rSGa 

< i: t) * 0mSlcf*?«^ b T V > S i: V > d ^ T- 

[00 13] F«y h*mi;^-:^Wi:*^. ^icGaN 

S:I^ICJ3V>T, iiS^ (A) ±IC K«y htmT'feS 50 
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4 

G a Nmni:^ mtt bt T'tt J& < F^y h 1: bT 

Sig^M (A) <Dm±M\z.ry^-^ 
-yyif^yV (^m (A) cDM±®®^®^^«:^ 
■ftS-BrSil^) m^ (A) ®^±®CD 

e>n-5o ^!g4^«:30J:e)lC^lb$-a:^z:i:lCj:o 

X. F>y h*mT'fe-&GaN^*mfsu 

SGaN^W*^e>3&S*t^ (A) ±IC, fi^F^yh 

[0014] :mm\t. ±iao<k e) tec a n^^4*^ ^ 

;&S»gSM±lcG a N^*m*^6>^S*^- F^y F SrfiK^S 

3 e>{cG a N5i^*m*^e>3&&i!e^T'fi?- K^y f 

Srilftji*, :i*iS:38)t3E^lC'^Sfi^-F^y h«iti:b 

li, ^cli*;-;i/CDaAlc J: o T^^- F^y h ^tcfe 
VNT-. ill®-?- (xh^J^^i') fesv^^*m^•i:3^-;l/i:*'^ 

[0 0 15] z:©M^ F>y h«l5t^cfev^T, W^mzx 
iliiJ&S. <H>*®*^F>y h®:*:^Sli, S^F'yhfil 

m.\zi&\^xmMm\z.^^^x^ntmmx^^). 
asT'fes, mm (a) ±®icfettsji-?-F>y f^ 

[0 0 16] 

[^^®iag®?^Jffi] EI Hi, 3|£^gB®GaN^5g^^ 
3g(^»LED$:^Ji:L/TS^LTV^-&. |^EI®LEDli, 

^^i±(c, G &ii?himti'^f^^mm'km9(^^ 

^^xm^WU fi^- F^y 3 ^^tmmW S 5:?^ 
^L, p 5 h nmm<D^ 6 ?:!St:rT 

:i[^Uf-=bc^T'fe-5. M2»ngs!3>^^ hM, M4li 

So 

[0 0 17] EIioWcfct-tS'^M (pi?, nSlD ® 
(■y-7T-f75iiSa^) 5:fflv^Tfe^j, M2<0± 

Wim-ti>^\z%, p/nMcD^TBSfi^ smeico 
v%T«, :Lt\.t.mi^(Dm^m\-fxwmt^. hfs^u p 

[0 0 1 81 s^F«y h«iit3ii, mm AH. 0m<D 



5 

[0 0 19] ^^mAt.^^^mB<Dmm.^i. mi:^^^ 

-rti«J:vv gllcDMT'ldu S^h>h#Jg3l*, 111 

(ST'linM) ©fS^MAi:, #IS[<Z)*^ K^y h 

to 0 2 0] 1^^Ki&i:XmmB<Dimo^^^<J>f'^ 

[00 2 1] 2!s:5I^CDGaNJ!^5m^^^lCfflV\e)*lSG 
aN;Pi*miltt, ^Inx Gay Alz N (0^X< 
1, OSY^l, O^Z^l, X+Y + Z=1)T'^S 
StlS-fb-^^gJ^I^^T**)*. 35;*>-e*GaN, InGa 
N. AlGaN;&;if*^^ffl^t)«)i:b'rWe>tiSo ± 

I*, Jie^AfeJ:tJ^*SaMBS:AlGaNi:U M^^K 
»y h«:GaNi:-tSM^«:if> M^ASit^SSS 
B&Alx Ga(i_x) NilU *-T-F<V h?:A ly Ga 
(1-Y) Nil-rSiiil'^ (fcfe'bO<X, OSY, Y<X 

[ 0 0 2 2 1 K^y h Sr^^-tS G a N^stmiCli, 
[0 0 2 3] iK^SA, i^K^yh, ^^MB<Z) 

e)t)(z>iRi:®%)®icii, •^•tle>^cfliv^e>i^sGaN* 

*mic, $e>ic, B, As, P*^6)3a«tiSlJeUi07t; 
[0024] ±iai^ffiODm^ST*M^fc J: e) 16^ 
K«y h^cD^)-^(3DmS5:S3i*c«5Hi:1-^fefey> 

[0 0 2 5] ^'^CDi-T-F^y h<^;«cS3tt. ^M<DMm 
:;^fB»cov%T(Da-?K^y ho-dl* G^^MA®^®*^e> 
a-? K^y b<JD h 'y ::^*T-oESIi) SrlfS h i: U 
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6 

V^T^jU fi:^m®M,^>e>, USShtiSOnmfiAT, 
$gwli2 0 0ninOT*W*bVV StoT, 0. 5nm 
^hS5 0nm, 0. 5 nm^w^2 0 0 nm, ti^ff-t. 

10 [0026] Sg^M A(D±®lc felt S*^ K »y h ©^^^ 

<6. <BSp I*, *^ K»y M o 1 

T% ^)KW&#>i;-t-Si:i o6 cm-2Ri:ii-tSz:ii 

■rft&:r.tim^h\'\ tJIpT, 106 cni-2gp^ 
1 Ol3cni-2*W*bVN|gfflil^€>. 
[0 0 2 7] iig^MA(D±®lC*^K^y h^J^fiK-tSlC 
20 it. ±IB#ffiOD^^-e3*'^;^:<fee>lC, »g^®A®_h®lC 

h) &f^M3-l±T*^e>S^-K^y hl-fflV%ejttSGaN^ 

7i^ityh^i^fS-&-^^izit. m^A<D±Mtry^ 

RgSS4^«;V^*^, mii^ MOCVD^tCi:oT, Al 
G a Njfg^M-fclCG a N©*^ F<y b ^am^-f^^X 
fem*, MOCVD3Sgrt-eAlGaNi^^Ji*^^;SL/ 
m MOCVD^fS|^lC5!f::^:i^®T>^iJ— ^T^'^f 

30 yvttm^n\tii\\ 

[0 0 2 8] yy^'^-vr^ ^yV^a^'^iLl^x^ 

[0 0 2 9] T>f^-9— ■^ri'if >^^:L/Tfflv^e>^^S 

iz^-oX^^tii^cDtmRX^. PS^Sti^evv 
±12(39 J; e) IC. A 1 G a Ni^gffiM±lCG a N ^MJ- K^y 

Xit. 7"h5X^;i/S/9>'*^tfe>tlS. -^-Oflfi, Si 
H4 , S i2 He , *fe«Z.tie>®S^:^/:^, CP2 M 

. [0 0 3 0] M^o*^K^y h®:*c^S. 
^y h®^©S^v%ii, yy^^-'y7'?9. y Ycm^ 

& fi^-K^y h<^)fi£;gm '^^mA(m^<mmL>'^ 

50 liU MOCVD, MBE«:if*'5pJfe>n«>. 
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1 0 0 3 1 3 ^^m\t. G a N^^*<^:gBl||jSt% 
$i^'5I^S^C^HM$tlTV^S, -y-^rWT, SiC 
6 H- S i CSffi, #lCC®-t>-7T-f TS«*W* b 
g5[^l8y^S^^D^V^&i^^a•r'^)>'c«)OZnO, MgO 

) [0032] 

mm) :^^mTtii. 0 1 iz^trnto) led^m 

it. nMAlGaNMAh, c:(DM±B{C:jmbT?^^ 
iM/T-|tflB»A±lC^«Lfc pS!A 1 G a NMB 

[0033] Risssfix 1 (Dm^"} m^^oym^^ 20 

1 a^lLT^i•y■:7r-fTC®^^:fflv^fc. *T3.©-9- 
r^rW'TStRi a&MOCVD^SrtJCSBSU 
H^TT* 1 2 0 0'C^T'#MU -tJ— v;i/x^yf^>y$: 
!f?ofeo 5 0 O-CiX'Ttf A 1 igJ|8|-i: bT 

T:^^-T«:tJi£U AlN{gS^<«y7r-Ml b&S 0 

[0 0 3 4] [nSUn^^^ hM2«)?^^ 
' lOOOlClC^U Gam^tVXhV^'^JlyiS')^ 

M> (TMG) , NimnLrry^-r. so 

[0 0 3 5] CA^Ky h«3t3 O?^^] 

OMA<m^ ; mmmmi: ii o oici: u tma, t 

MG, 7>^-T, \^-^-^yhimtLXiy^>i:^ 
U nMAlGaNMASrO. 5 Mm^^RS-frfco 
®MA±SCD^®^!!1,S ; fia;g?aKS: l 0 0 0 i: H 

<B&=f- K^y h d (D^^ ; TMG, T>^-TS:#^U 40 
GaNft-y-K^y hd$:?^fiRbfe. fi-?-F^y hCDlg^h® 
5p*&li6nm, (lSwC!)3}ii©ii4 OnmT'feofc. 
Ji!S^SAO±®lcfel:fS4^-K^y hcD:im(D^-^VN (<E 
flPt>#<iM*^fcy®*^-K')' h©8!c) pit, m3 
X 1 09 cm-2T*feofe. 

®mB(m^ ; fiit;gmss: ii o oxjiiu tma, T 
MG, ry^-r. \^-f^yV^hhx\^7.iy^uK 

y9^V:s.z.)\,-^^%i/^U (CP2Mg) $:«*&U P 
MAlGaNMBSrO. 5 /imfi)t;gS-li, *^-K'y h«l 
513 50 
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[0036] [p§?=J>f hM.4CD?^fiS£] ^^SSSS: 
looo-ciiu TMG, yy=^—y. S3J:rJtK-/t> 
hMf4fcLTCp2 Mg$:^U pMGaN3>*i^ 

[0037] C®i®<iW^fiR^] W^^^ms^m. »J ffi 
U ^^H^ 8 0 0iCT'2 0:J)-r^7--;i/^!!!aS:^T 
ofeo S^tc, pMn^^J^^r hM4<Z)±{Cp§i!^5S: 

bpM^iiS^F-Ky h«iSi(Z>-S|JS:x*/^i/m*U 
n3g3>*i'hM2®±®S:SmS-&, nUlSffieS:?^ 
figU LEDilLfeo 

[0 0 3 8] T o- \ 9,7>.v-l<^\Zrf'^ 

>hU 2 0inA'^(D3fcS®jfl!|^$:4fofci:Z15, 10 
OmcdTfeofc. 

iil^CD G a N (Z)5g^?25:R*^ 8 0 m e VMSH^^^-r 

[0 0 3 9] mm\ 

1 IC felt -S*^ K«y h c^^S p$:3Xl05 cm 
-2i: bfe:i iiJSJil^tt, llfife^J 1 )Lnmz LED =S:^^L 
feo 3.0LEDICOV>T, IIJfeMl i:ll^lC2 0mAT' 

itfm^titcti^. jtSli 1 0 m c d -efe 

[0 0 4 0] imm2 

mmnzi5»i>mi'j-v^if h<o^mp^sx i oWcm 

-2 1 LfcZ: iimii, 1 mmz LED S:^^ b 

7t„ 3CDLED^COV^•C, I^Ml ilH^lC 2 OmAT- 
OmcdT-fey, |S3tilSm:^;i/-i/7hA^<, its 
OGaN0|g^?S;RillltJT'feofco *fc:, ^JrbgfMil 
|9lb^4^JCTMA±tcfi:-?K>y K&?^^U ^^K^y 

V(mmm'r i^rcWAxSA±mi:A FM-ei^bfc 

g|^ofcS^K^vhllI±*^bioic-&f^:b 

[0 0 4 1] mmis 

miMllCfei-tsa^-K^y h01if$h®5l2i!S$:6Onin 
ilU <i|w®5pi©S:5 0 0nmhbfeZ.i:J!JfeJ1>{i, m& 

mi tmrnzhED^i^vt-. zloled^cov^t, 

SUfeM 1 tm^iZ. 2 0 mAT*(»3tS33 J:t)^9§^?!S«®?RI 
^5:4fo;ti::i6, jfeSti2 Smc dT'fe»J, 5§)16iSia 
tt>^;i/-i'7h*m<, 3l1t®GaN®|l^;Ri:ratJ 
T'&ofec 4i:itif0!Ii:l^b^'!McTMA±lcl:^ 

K^y h=&?^^b, ^^K>y h©?^fife;<)^^Tbfe^.^,T' 
JiA±®S:AFMT'|^bfcil35, P^ofc»^-K^y 

h ll±*^^ bio tc-^ bt V :i t *^BIS8S nfe. 

[0 0 4 2] imm4: 

}:mm3iZ:jS\-}^m^\^-J h(Dmm^ l X l 05 cm-2 

tLt^ztm-it, im&i3 nmmizLED^rimL. 
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'^i|#144IB'<fe. ^:®LED^CoV^T, 2 0mAT'<D 

^® G a N©l6Jt5ft;Si:llI DT'feofe. 
[004 3] 

) i:LT, M'froa^-K^v hCDH^S. "I'M. *^^K'V h<^ 
tfc®S^v>(3DjiiE«;«giB&|5S^bTVNS®'e, 
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[EI 1 1 .*58W{Z)G a N^^^i^^-^-^ai&^-fWTB® 
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